INTRODUCTION
Concussion is defined as 'a complex pathophysiological process affecting the brain, induced by biomechanical forces', which transmits an 'impulsive force to the head', resulting in 'rapid onset of shortlived impairment of neurologic function', reflecting 'functional disturbance rather than structural injury', and in which no abnormality is seen 'on standard structural neuroimaging studies.' 1 The recognition of long-term health problems resulting from multiple concussions has led to increased medical and media attention. 2 Up to 3.8 million sport-related traumatic brain injuries (TBI) occur annually in the USA, the vast majority of which are concussions. 3 4 Given the high number of children participating in sports, the potential for complications due to repeated sport-related concussions is cause for concern. 2 5 6 Conservatively, 173 000 children report to US emergency departments (ED) each year with a concussion due to sports and recreation activities alone. 7 Annually, paediatric inpatient admissions for concussion due to sports alone result in over US$6 million in hospital charges in the USA. 8 Studies have documented a dramatic increase in the number of annual paediatric ED visits due to concussion in recent years. 7 9 Previous investigations show that the number of children seeking care for concussions in EDs in the USA has increased over the past decade. 7 9 Prior studies have also demonstrated that a substantial proportion of paediatric patients diagnosed with a concussion undergo CT. 10 11 While these investigations have given insight into current medical practices for diagnosing and managing paediatric concussions, the frequency of medication administration in the hospital setting and acutely after concussion remains unknown. 12 13 Furthermore, it is unclear whether the increasing number of ED visits for paediatric concussions is What is already known on this topic?
▸ Multiple concussions are increasingly associated with long-term health problems. ▸ The annual number of paediatric emergency department (ED) visits for concussion has dramatically increased. ▸ ED visits for paediatric concussion patients are often associated with CT imaging of the head.
What this study adds?
▸ Approximately 1 of every 160 patients reporting to a paediatric hospital emergency department (ED) is diagnosed with concussion, a proportion that has doubled in the last decade. ▸ Although ED visits for paediatric concussion at children's hospitals are increasing, inpatient admissions for paediatric concussion have remained stable. ▸ Besides CT imaging, concussion patients in the ED also frequently receive intravenous fluids and analgesics.
mirrored by a similar increase in the number of inpatient admissions for paediatric concussion. The objectives of this study were: (1) to determine the number of hospital admissions due to concussion over a 10-year period and (2) to determine the use of imaging and medications in managing acute concussion patients at paediatric hospitals in the USA.
METHODS
We conducted a cross-sectional study using the Pediatric Health Information System (PHIS). The PHIS is an administrative database of the Children's Hospital Association and contains inpatient, observation unit and ED data from 43 freestanding children's hospitals in the USA. Hospitals participating in the PHIS database are located in all regions of the USA, typically in large urban areas. Hospitals submit patient data, including demographic, payer, resource use (such as procedures and medications) and episode of care information (admission date, repeat hospitalisation), as well as International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes. Validating the quality of the PHIS data is a joint effort among the Children's Hospital Association, the participating hospitals, and the data warehouse vendor (Thomson Reuters, New York City, USA). Validity and reliability checks are performed, and data are included in PHIS only when classified errors occur in <2% of a hospital's quarterly data.
Study population
We included patients 18 years old or younger with a primary ICD-9-CM discharge code for: (1) concussion (850.x), (2) postconcussion syndrome (310.2) or (3) skull fracture without mention of intracranial injury with concussion (800.09, 800.59, 801.09, 801.59, 803.09, 803.59, 804.09, 804.59). We did not include patients with the ICD-9-CM codes for skull fracture (800.xx-804.xx), head injury unspecified (959.01), other brain injury (854xx) and intracranial injury of other and unspecified nature (854.xx) unless they were also diagnosed with a concussion as defined above, as we could not be certain that patient with such codes sustained concussions.
A concussion was categorised as sport-related only if the patient had one of the following external cause of injury codes: E001-E010 (activities involving sports), E885.0-885.4 (falls from non-motorised scooter, roller skates, skateboard, skis or snowboard), E886.0 (fall in sports), E917.0 (struck in sports), E917.5 (struck in sports with subsequent fall), E910.0-E910.2 (drowning or submersion from waterskiing or other sports) and E828 (animal being ridden injuring pedestrian).
In order to assess trends over time, we examined patient encounters at 14 children's hospitals reporting data to PHIS over a 10-year study period, from 1 January 2001 through 31 December 2010. Because children's hospitals have gradually started supplying data to the PHIS database overtime, only 14 hospitals had available data beginning in 2001. In order to describe current assessment and management practices, we examined data collected during a 30-month period from 1 April 2007 to 30 September 2009 that contained data from 30 children's hospitals. This more recent 30-month period was selected in order to include a larger number of children's hospitals submitting data to PHIS by mid-2007. For patients with subsequent admissions to the ED within 30 days of a prior admission, only the index admission was analysed. Only patients admitted through the ED were included for the analysis of inpatient and observation hospitalisations, as we could not access data regarding imaging, medication and neurocognitive testing received prior to admission for patients admitted directly. Similarly, we did not examine data for patients who had been assessed and managed at other EDs prior to referral to the studied PHIS children's hospitals.
Measured outcomes
We examined all ED patients with the primary diagnosis of concussion, who were hospitalised, who received imaging, who were given medications and who sustained sport-related concussions. Furthermore, we assessed changes in the number of visits and the number of admissions for concussion patients over the most recent 10 years available.
Patient demographic information and insurance type were queried. The adjusted costs of patient visits were calculated. In order to calculate adjusted costs, the actual charges recorded in PHIS were adjusted by the United States' Centers for Medicare and Medicaid price/wage index for each hospital location and hospital-level cost-to-charge ratios. 14 15 Data analysis Descriptive and univariate statistics were used to describe the study population. All proportions are presented as percentages with 95% CIs. For comparisons between groups, χ 2 analyses were used for all categorical variables and Student's t tests were used for continuous variables. When comparisons of continuous variables were made between more than two groups, one-way analysis of variance was used. The annual trend from 2001 to 2010 in the number of ED patients diagnosed with concussion was modelled using piecewise linear regression with an inflection point at 2007 based on visual inspection. The trend in the number of concussion patients admitted was modelled with linear regression. Inferences for trends were based on slopes of the resulting regression lines. All analyses were performed using SAS V.9.3 (SAS Institute, Cary, North Carolina, USA). Statistical significance was defined as p<0.05. 
RESULTS

Assessment and management of concussion patients (30-month study period)
During the 30-month study period, there were 3 936 591 ED visits recorded for 30 hospitals in PHIS, of which 20 806 (0.53%; 95% CI 0.52% to 0.54%) received a primary diagnosis of concussion. The mean age of patients diagnosed with concussion was 9.6 years (95% CI 9.55 to 9.69); most were male (table 1). Nearly three-quarters of all concussion patients were between the ages of 6 and 18 years (table 1). Concussion patients were more likely to be privately insured than non-concussion patients (table 1). Of the 14 383 (69.1%) visits for concussion that had an associated E-code recorded, 23.2% (95% CI 22.6% to 24.0%) were sport-related.
Almost half (47.7%; CI 47.0% to 48.4%) of the concussion patients received medications or intravenous fluids while in the ED or inpatient setting, with over a quarter of patients receiving some form of analgesia (table 2). Nearly 1 in 5 concussion patients received a non-steroidal anti-inflammatory drug, such as ibuprofen, naproxen, ketorolac or aspirin (table 2). More than half (66.5%; 95% CI 65.8% to 67.1%) of the concussion patients underwent some form of imaging, most commonly CT of the brain (table 2). The adjusted costs of patient visits were significantly higher when imaging was obtained (table 3) .
Of concussion patients, 14.0% (95% CI 13.6% to 14.5%) were hospitalised in either inpatient or observation units, with 8.6% (95% CI 7.6% to 9.7%) having an admission to the intensive care unit. The average length of stay for hospitalised concussion patients was 1.4 days (95% CI 1.29 to 1.41 days). Approximately 0.5% (95% CI 0.4% to 0.6%) of concussion patients were readmitted to the ED within 30 days of discharge, most (84.1%) with a primary readmission diagnosis of concussion. Of patients with the primary diagnosis of concussion, only 46 patients (0.22%, 95% CI 0.17% to 0.29%) had a secondary diagnosis for intracranial injury.
DISCUSSION
Our study suggests that approximately 1 out of every 160 patients currently reporting to a paediatric hospital ED in the USA is diagnosed with a concussion, a proportion that has doubled in the last decade. The number being admitted for concussion, however, has remained relatively constant. This suggests that the incidence of concussion is not increasing in the USA, but rather, patients sustaining concussions with less severe symptoms, who previously may have sought care elsewhere or not at all, are now reporting to EDs after injury. We cannot state this for certain, however, as it is also possible that the incidence of milder injuries has been increasing while more severe concussions requiring admission has remained constant. It is unclear, however, whether this increase in ED visits is due to an increased incidence in concussive injuries or simply due to an increased awareness of the potential seriousness of concussion. It is likely that a combination of several new concussion practice guidelines [16] [17] [18] [19] and high-profile cases of National Football League players dying with chronic traumatic encephalopathy, 20 21 along with the corresponding media attention in the USA surrounding concussion in sports, [22] [23] [24] [25] [26] led to more concussed patients to seek emergent medical care in the mid-2000s. These possible influences in the rise in ED visits for paediatric concussion should also be viewed in the context of prior research demonstrating that healthcare-seeking behaviour in the paediatric population is greatly influenced by parental perception of the seriousness of the injury and the need for reassurance. [27] [28] [29] Furthermore, many states in the USA have enacted laws that require concussion education for coaches and parents or require concussed children to be seen by a physician or other healthcare providers prior to returning to sports. [30] [31] [32] [33] While those laws may contribute to the increase in ED visits demonstrated in our data, most of those laws were passed beginning in 2009, after the steep rise in concussion ED visits that began in 2007. [30] [31] [32] [33] If those laws have led to an increase in ED visits for concussion but resulted in a high number of head CTs, this would point to a possible negative unintended consequence of those laws. This possible relationship and unintended consequence should be further explored.
Previous authors have noted the paucity of evidence guiding the use of medications in the management of concussions. 34 35 Our study found that medications for pain, including nonsteroidal anti-inflammatory medications, were the most commonly administered. Our data suggest that approximately 1/3 of paediatric concussion patients receive analgesia. The effect of these medications on outcomes remains unknown. We hope our description of the most commonly prescribed medications in paediatric concussion patients in the ED and inpatient setting will stimulate future studies on their effects and any relationship to the need for admission and/or inpatient management and course.
We also found that approximately 60% of patients with concussion at a paediatric hospital undergo CT imaging of the head. This percentage is slightly lower than reported in a recent study of CT rates for paediatric concussion in the USA. 10 This may reflect differences in CT use between paediatric and general hospitals. Previous studies have found CT imaging rates for injuries to be lower at paediatric hospitals than general hospitals. 36 37 Current efforts are underway to reduce CT imaging for mild TBI. Nigrovic et al 38 compared immediate CT imaging versus observation for children with mild TBI and found that an initial observation period may decrease the need for imaging. If initial observation safely reduces CT imaging, it would avoid radiation exposure and, as this study found, reduce overall costs of a medical visit for concussion; our data show that an ED visit for concussion including CT is more than three times the cost of an ED visit during which CT is not obtained. Balancing the use of extended periods of observation with the potential for decreased use of CT represents another future research opportunity.
Our results vary substantially from the study by Mannix et al 39 using PHIS data to describe the use of head CT for assessing minor head injury. Those authors found that head CTs were used in 36% of patients seen for minor traumatic head injury in PHIS hospital EDs. We believe this discrepancy likely results from the different populations examined. The study by Mannix et al examined a less severe patient population. They excluded any patients admitted as inpatient subsequent to the ED visit and included the broad diagnosis head injury not otherwise specified (ICD-9-CM 959.01), a diagnosis that was specifically excluded in our analyses.
Our findings must be interpreted in light of several limitations. Our study was limited to patients who first presented to the ED, and therefore, did not include any treatment or diagnostic procedures that may have occurred in the outpatient setting. In addition, as PHIS is an administrative database, only limited clinical information is available. Our findings are limited to the accuracy of the ICD-9-CM codes assigned by hospitals. As discussed above, management of paediatric concussion may differ between paediatric and general hospitals, and therefore, our findings may be limited to paediatric hospitals. Furthermore, our findings, especially those regarding the use of CT, may not be generalisable to other countries in part because of international differences in clinical prediction rules used to determine imaging in paediatric minor head injury. [40] [41] [42] [43] [44] [45] [46] [47] Finally, we were unable to differentiate whether pharmaceutical and radiographic interventions took place in the ED or inpatient setting. 
